Introduction {#Sec1}
============

According to the World Health Organization, cardiovascular disease accounts for more than half of all non-communicable diseases and has become the leading cause of death worldwide \[[@CR1]\]. Atherosclerosis is the major cause of cardiovascular disease, consistent and convincing evidence supports an association between dyslipidaemia and cardiovascular disease incidence \[[@CR2]\]. Dyslipidaemia is defined as an abnormal lipid profile with high triglyceride (TG), total cholesterol (TC) or low-density lipoprotein cholesterol (LDL-C) or low high-density lipoprotein cholesterol (HDL-C). Studies have shown that LDL-C levels are directly associated with an increased risk of coronary artery disease (CAD) \[[@CR3]\], whereas higher serum HDL-C levels are a protection factor \[[@CR4]\]; however, there is much controversy concerning the proposal that high serum TG levels may be an additional factor for cardiovascular disease \[[@CR5], [@CR6]\].

As a result of Westernization of the diet, obesity, and adverse lifestyle changes \[[@CR7]\], the prevalence of dyslipidaemia is high and increasing yearly. A report from the American College of Cardiology has indicated that 39% of the global population has elevated cholesterol, and more than one-half of those individuals live in higher income countries \[[@CR1]\]. The dyslipidaemia prevalence increased from 18.6% in 2002 \[[@CR8]\] to 33.97% in 2010 \[[@CR9]\]. Recently, the overall pooled dyslipidaemia prevalence in Chinese adults was estimated to be 41.9% \[[@CR10]\]. In Taiwan, the incidence of dyslipidaemia is also high in both adolescents and adults. An epidemiological survey showed that the prevalence of dyslipidaemia significantly increased from 13% in 1996 to 22.3% in 2006 among adolescents \[[@CR11]\]. In adults, the prevalence rates of hypercholesterolaemia, hypertriglyceridaemia, an elevated LDL-C level and a low LDL-C level were 53.3% in men and 48.2% in women, 29.3% in men and 13.7% in women, 50.7% in men and 37.9% in women, and 47.4% in men and 53% in women, respectively \[[@CR12]\].

Former researchers developed prediction models to calculate a subject's probability of developing dyslipidaemia \[[@CR13]--[@CR15]\], but their models were not very suitable for the Taiwanese population \[[@CR16]--[@CR19]\]. Therefore, we constructed a risk prediction model of dyslipidaemia among Taiwanese individuals enrolled in the MJ Health Check-up Corporation to evaluate the onset risk of dyslipidaemia in a Taiwanese cohort with periodic check-ups and to provide a reference for individual prevention. The development of this prediction model was based on a cohort with a follow-up of 5 years using clinical information alone or in combination with simple laboratory measures.

Materials and methods {#Sec2}
=====================

Study subjects {#Sec3}
--------------

The MJ Health Screening Centre comprises 4 health screening centres (Taipei, Taoyuan, Taichung, and Kaohsiung) located around Taiwan. The members involved in the physical examination covered nearly 840,000 people. Their ages range from 18 to 80 years old, and the regional distribution involves 23 cities and counties in Taiwan. Thus, there is a certain representation of the Taiwan population.

The study cohort consisted of 11,345 subjects with the following inclusion criteria: 1) aged 35--74 years; 2) information about the variables was complete; 3) no dyslipidaemia at the beginning of the survey and completed the follow-up in 5 years. The exclusion criteria were as follows: 1) had dyslipidaemia at the beginning of the survey; 2) were using lipid-lowering drugs; 3) were lost in the follow-up and had scant information about the key variables.

Ethics statement {#Sec4}
----------------

This study was approved by the Peking University Institutional Review Board, which made the following decision: this study eliminated all identifiable personal information not belonging to studies involving human beings. Thus, we granted waivers of informed consent and ethical review to the study. All or part of the data used in this research were authorized by and received from the MJ Health Research Foundation (Authorization Code: MJHRFB2014003C). Any interpretation or conclusion described in this article does not represent the views of the MJ Health Research Foundation.

Measurements {#Sec5}
------------

The research data were collected in a unified manner that included a questionnaire, physical examination and laboratory testing. The questionnaire included more than 200 indicators, including the demographic data, personal medical history and medication history, family history of cardiovascular disease, physical activity status, smoking status, alcohol consumption level, food type, and symptoms. The physical examination included blood pressure, height, weight, and waist measurements. The laboratory tests included measurements of fasting serum total cholesterol (TC), HDL-C, TG, LDL-C, blood glucose and other routine physical indicators. All the specimens were evaluated at the MJ Central Laboratory, and the biochemical indices were measured in the Hitachi-7150 automatic analyser (Hitachi, Tokyo, Japan) \[[@CR20]\].

Dyslipidaemia diagnostic criteria {#Sec6}
---------------------------------

Adult dyslipidaemia was defined according to the *Chinese adult dyslipidaemia Prevention Guide*, which was published in 2007 \[[@CR21]\] and 2016 \[[@CR22]\]. A subject was diagnosed with dyslipidaemia when he/she had one of the following conditions: TC ≥240 mg/dl; TG ≥200 mg/dl; HDL-C \< 40 mg/dl in men and \< 50 mg/dl in women; LDL-C ≥ 160 mg/dl or non-HDL-C (non-HDL-C = TC - HDL-C) ≥190 mg/dl.

Statistical analysis {#Sec7}
--------------------

We used the Taipei cohort to develop the model of different dyslipidaemia types. The statistical analysis was completed using SAS 9.1.3. After the medical centre verified the measurement data rigorously, our team performed a comprehensive clean-up of the data and sorted out the follow-up database for analysis. Continuous variables were expressed as the means ± standard deviations, and categorical variables were expressed as percentages.

Based on the logistic regression equation (Eq. [1](#Equ1){ref-type=""}), we constructed the probability prediction equation (Eq. [2](#Equ2){ref-type=""}). We used the Hosmer-Lemeshow χ^2^ test to compare the forecasted probability with the actual probability.$$\documentclass[12pt]{minimal}
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To ensure the variables in the preventive model, after adjusting for differences in sex and age, we utilized one-factor logistic regression to determine the role of each variable in dyslipidaemia, used stepwise regression to filter the meaningful variables, and then fit the variables in the prediction model, followed by testing of the predicted probability with a receiver operating characteristic (ROC) curve for diagnosis.

Results {#Sec8}
=======

Baseline prevalence and 5-year incidence {#Sec9}
----------------------------------------

Table [1](#Tab1){ref-type="table"} shows the prevalence at baseline of each health screening centre. The prevalence rates of dyslipidaemia in Taipei, Taoyuan, Taichung, and Kaohsiung were 56.5, 56.2, 58.2 and 63.9%, respectively, and the total prevalence was 57.9%.Table 1Baseline prevalence of dyslipidaemia in the 4 health screening centresTaipeiTaoyuanTaichungKaohsiungTotalCheck-up number (*N*)13,94648213982432327,072Suffered in dyslipidaemia (*n*)787727082317276415,668Prevalence (%)56.556.258.263.957.9Note: The prevalence of dyslipidaemia in the table is the crude prevalence and does not standardize by age and sex

Table [2](#Tab2){ref-type="table"} (Page20) shows the 5-year incidence of dyslipidaemia in the subjects who did not have dyslipidaemia initially. The 5-year cumulative incidence was 19.39%. Those cases of dyslipidaemia included 252 cases with increased LDL-C, 243 cases with increased TG, 629 cases with decreased HDL-C, and 352 cases with increased TC. According to Table [2](#Tab2){ref-type="table"}, most of the "1 item" cases were a HDL-C decrease, and most of the "2--4 item" cases were increases in LDL-C and TC, followed by an increase in TG combined with a decrease in HDL-C.Table 2Five-year incidence of dyslipidaemia (Page 7)Number(all)Percentage within all (%)Percentage within dyslipidaemia (%)Percentage within item (%)Developed into dyslipidaemia117019.39 1 item81913.5870.00  HDL-C5158.5444.0262.88  TC1352.2411.5416.48  TG1232.0410.5115.02  LDL-C460.763.935.62 2 item2904.8124.79  LDL-C & TC1672.7714.2757.59  HDL-C & TG801.336.8427.59  TG & TC240.402.058.28  LDL-C & HDL-C180.301.546.21  HDL-C & TC10.020.090.34  LDL-C & TG00.000.000.00 3 item230.381.97  LDL-C & TG &TC100.170.8543.48  LDL-C & HDL-C & TC90.150.7739.13  TC & HDL-C & TG40.070.3417.39  LDL-C & HDL-C & TG00.000.000.00 4 item20.030.17  TC & LDL-C & HDL-C& TG20.030.17Lipid-lowering medication360.603.08Remaining normal486380.61Note: The incidence of dyslipidaemia in the table is the crude incidence e and does not standardize by age and sex

Table [3](#Tab3){ref-type="table"} (Page 21) describes the characteristics of the 5-year follow-up of the study population according to the presence of dyslipidaemia.Table 3Characteristics of dyslipidaemia and non-dyslipidaemia (Page 7)CharacteristicTraining setTesting setTotal--+--+--+n489911344275103719,0841949Sex (% man)43.347.748.752.245.549.8Family history of diabetes (%)20.824.017.619.919.322.0Family history of hypertension (%)34.434.127.029.430.931.9Family history of cerebrovascular disease (%)9.610.98.79.69.210.3Family history of cardiovascular disease (%)12.612.99.010.710.911.8Education level lower than junior high school (%)27.633.041.744.634.238.6Marital status (% unmarried)6.45.92.92.54.84.3 (% married)85.883.690.289.787.886.5 (% divorced)3.24.11.81.62.52.9 (% widowed)4.66.35.26.14.96.2Exercise (% little movement)39.639.639.940.239.739.9 (% occasionally movement)27.928.626.126.527.127.6 (% exercise regularly)16.316.015.314.315.815.2 (% daily exercise)16.215.818.819.017.417.3Overweight and obesity (%)25.838.429.541.027.539.7 Current smokers (%)16.719.917.823.017.221.3 Current drinkers (%)22.222.625.527.323.724.8Hypertension (%)14.622.415.818.315.220.5High TG level (%)100.00.0100.00.0100.00.0High TC level (%)100.00.0100.00.0100.00.0Low HDL-C level (%)100.00.0100.00.0100.00.0High LDL-C level (%)100.00.0100.00.0100.00.0High uric acid (%)13.222.913.519.813.421.4Age (years)45.947.5847.0547.7846.4447.68BMI (kg/m^2^)22.3123.4222.6423.6022.4723.51WC (cm)72.9374.7373.5475.9973.2175.29WHR0.78000.78720.78690.80170.78310.7937Body fat rate (%)23.6024.8824.1625.6523.8525.23Pulse(times per minute)72.8473.3573.2574.0373.0373.67FPG (mg/dl)96.4298.5496.8498.8796.6298.70TC (mg/dl)192.97202.37188.75199.18191.0200.85TG (mg/dl)85.66109.3685.84109.2285.75109.30HDL-C (mg/dl)59.7756.3558.7155.8259.2756.10LDL-C (mg/dl)116.10124.17112.80121.58114.56122.93SBP (mmHg)119.0123.0119.49121.18119.24122.12DBP (mmHg)72.8374.9773.0274.0372.9274.51CRP (mg/dl)0.21740.27280.19280.23000.20850.2523ALP (IU/L)135.16143.84139.16146.31137.03145.02got (IU/L)22.3323.0423.8324.2223.0323.60gpt (IU/L)23.2525.9424.5927.1723.8726.53R-GT (IU/L)19.4823.2321.3926.9420.3725.00BUN (mg/dl)14.4314.6714.6514.8714.5314.77CRE (mg/dl)0.92960.95430.96340.98110.94540.9671UA (mg/dl)5.686.125.696.095.696.11Note: "-"means no dyslipidaemia after the 5-year follow-up, "+" means new patients with dyslipidaemia after the 5-year follow-up. Data are expressed as % or means

Single variable risk analysis (adjusted for age and sex) {#Sec10}
--------------------------------------------------------

According to the risk factors of dyslipidaemia proven in published reports, the value of those factors was explored in the MJ database information. Table [4](#Tab4){ref-type="table"} (Page 24) lists the relationships between the variables and dyslipidaemia developed using single-variable logistic regression analysis.Table 4Single-variable logistic regression risk analysis in training set (Page 7)VariablesClassification value and unitβSD~*β*~*P*-valueRR (95% CI)Sexwomanman0.1790.0660.0071.196 (1.051,1.361)Age0.0180.0030.0001.018 (1.011,1.025)Family historydiabetas0.2310.0790.0031.259 (1.079,1.469)Education−0.0560.0310.0710.945 (0.890,1.005)Drinkingnever drinking0.633current drinker−0.0470.0860.5850.954 (0.805,1.130)quit0.1530.2170.4811.165 (0.761,1.784)Exerciselittle movement0.114occasionally movement0.0120.0820.8811.012 (0.861,1.190)exercise regularly−0.0960.1000.3370.908 (0.747,1.105)daily exercise−0.2270.1040.0300.797 (0.649,0.978)Body mass indexnormal (≤24Kg/m2)0.000overweight (24-28 K g/m2)0.5020.0750.0001.653 (1.426,1.916)obesity (≥28 K g/m2)0.6270.1490.0001.871 (1.399,2.504)BMIK g/m20.1110.0110.0001.117 (1.093,1.142)WCcm0.0060.0030.0391.006 (1.000,1.011)WeightKg0.0350.0040.0001.035 (1.028,1.043)FPGmg/dl0.0050.0020.0051.005 (1.002,1.009)SBPmmHg0.0100.0020.0001.010 (1.006,1.014)DBPmmHg0.0130.0030.0001.013 (1.007,1.020)TGmg/dl0.0180.0010.0001.018 (1.016,1.020)TCmg/dl0.0170.0020.0001.017 (1.014,1.020)HDLCmg/dl−0.0330.0040.0000.968 (0.960,0.975)LDLCmg/dl0.0150.0020.0001.016 (1.012,1.019)ALTIU/L0.0020.0010.0331.002 (1.000,1.005)UAmg/dl0.2040.0250.0001.226 (1.167,1.289)Note: the hollow row is the reference group, and RR values are 1.0. The RR values in the table are adjusted for sex and age

Risk prediction model of dyslipidaemia {#Sec11}
--------------------------------------

The prediction model was named as the MJ Dyslipidaemia Risk Score Model (MJ-DRSM). Table [5](#Tab5){ref-type="table"} contains information of the model. The prediction model is based on the multivariate logistic regression model. Although differences in the incidence of sex were not obvious after a certain age, all fittings of the prediction models were not divided by gender. The main risk factors in the MJ-DRSM (or the so-called variables) included sex, a family history of diabetes, the HDL-C level, the LDL-C level, the TG level and the BMI. Conversely, exercise, drinking or smoking, and dietary factors were excluded from the model. The included factors were consistent with the aetiology results from a large number of previous studies (both domestic and foreign), met the criteria of risk factors and were confirmed in some large-sample prospective studies.$$\documentclass[12pt]{minimal}
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After calculating the LogitP value of a subject, the probability of an individual developing dyslipidaemia within 5 years can be calculated in accordance with the following formula (Eq. [4](#Equ4){ref-type=""}):$$\documentclass[12pt]{minimal}
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Predictive power and cut-off point of the model {#Sec12}
-----------------------------------------------

Figure [1](#Fig1){ref-type="fig"}a shows the receiver operator characteristic curve (ROC) of MJ-DRSM and the AUC of training set is 0.707 (0.008) (95% CI: 0.691, 0.723). The sensitivity and specificity shows that the best cut-off point is when the predictive probability is *P* = 0.1771, the sensitivity is 68.57%, the specificity is 63.53%, the positive predictive value is 30.33%, and the negative predictive value is 10.27.Fig. 1Prediction ability of the MJ-DRSM in Taipei samples and test samples. (**a**) train: AUC=0.707(0.691,0.723) (**b**) test: AUC=0.708(0.691-0.725)

Model validity test {#Sec13}
-------------------

The MJ-DRSM and formula parameters are based on the data of the Taipei medical group, and the model's validity must be tested in external samples. In this study, we utilized the data of the Taoyuan, Taichung, and Kaohsiung health screening centres to examine the model's validity. Figure [1](#Fig1){ref-type="fig"}b shows the area under the curve AUC = 0.708, indicating that the model has a high degree of curve fitting and good external validity. Thus, the prediction model above can be applied practically to an individual to predict the risk of dyslipidaemia within 5 years.

Classification of the dyslipidaemia 5-year incidence risk {#Sec14}
---------------------------------------------------------

Figure [2](#Fig2){ref-type="fig"} shows the correspondence relationship of the prediction probability and risk level. After transforming the distribution of the 5-year prediction incidence probability into a normal distribution via natural log transformation, we classified the interval of the prediction probability of no dyslipidaemia in the subjects using the mean (M) and standard deviation (SD) and sorted them in ascending order as follows: lower than M-SD was deemed low risk; the range from M-SD to M + SD was deemed general risk; the range from M + SD to M + 2SD was deemed moderate risk; and higher than M + 2SD was deemed high risk.Fig. 2MJ-DRSM prediction probability and risk grade comparison chart

Model application {#Sec15}
-----------------

According to the blood test results, the risk of dyslipidaemia within 5 years can be predicted using the following process. The first step is to calculate the LogitP using Eqs. [3](#Equ3){ref-type=""} to predict an individual's risk of dyslipidaemia. Then, the individual's probability incidence of dyslipidaemia within 5 years can be predicted using eq. [4](#Equ4){ref-type=""} to calculate the probability. Finally, Fig. [2](#Fig2){ref-type="fig"} shows the process used to distinguish this person's risk grade. (More details about the model example are provided in the Additional file [1](#MOESM1){ref-type="media"}.)

Discussion {#Sec16}
==========

Estimating the absolute risk required for the prevention or treatment of dyslipidaemia commonly relies on prediction models developed from the experience of prospective cohort studies \[[@CR23]\]. Logistic regression analysis was used to examine the associations of some factors with dyslipidaemia in this study. The findings based on the training dataset revealed six common parameters significantly associated with dyslipidaemia (gender, a family history of diabetes, the HDL-C level, the LDL-C level, the TG level and the BMI). Those predictors are consistent with the large number of previous aetiological studies performed worldwide \[[@CR24]--[@CR29]\].

A Japanese study also used logistic regression to evaluate the predictive power of a body shape index (ABSI) for the development of dyslipidaemia; that article focused on the influence of the BMI, WC, and ABSI on the incidence of dyslipidaemia \[[@CR14]\]. Another study tried to use plasma free amino acid (PFAA) profiles to predict dyslipidaemia \[[@CR15]\]. Their findings suggested that each increase of 1 SD in PFAA index 1 was related to an approximately 34% (12--60%) increased risk of developing dyslipidaemia; for PFAA index 2, the increase was 20% (2--40%). However, the researchers did not illustrate the precision of their model. Our model utilized relatively all-sided information, and its precision was good. Thus, MJ-DRSM was a better choice for predicting the incidence of dyslipidaemia. Recently, some studies had proposed that inflammatory factors such as high-sensitivity C-reactive protein(hs-CRP), Interleukin 6(IL-6) and tumor necrosis factor(TNF) were associated with dyslipidemia, cardiovascular disease and metabolic syndrome \[[@CR30]--[@CR33]\], which was based on the theory that these factors can affect lipid metabolism by promoting the expression of adhesion molecules, the recruitment and activating and gathering the inflammatory cells.

Model sensitivity and specificity are important when testing whether a model can accurately recognize positive and negative outcomes \[[@CR34]\]. The ideal model has both high sensitivity and high specificity \[[@CR35]\]. The results of the predictive performance showed that the MJ-DRSM model could be used to screen undiagnosed dyslipidaemia patients, because it had good sensitivity (69.9%) and specificity (62.3%). The AUC provides a superior performance index in addition to superior accuracy; therefore, it has often been used to evaluate the predictive accuracy of classifiers \[[@CR36]\]. The AUC of a classifier can be defined as the probability of the classifier ranking a randomly chosen positive example higher than a randomly chosen negative example, and higher AUC values can be interpreted as having a higher predictive accuracy \[[@CR36], [@CR37]\]. For the MJ-DRSM model, the AUC value was 0.709 (0.693--0.725) in the train cohort and 0.708 (0.691--0.725) in the test cohort. The AUC value of the Japanese study \[[@CR14]\] was 0.572 (0.564--0.580). Although the two models were appropriate for different populations, our model contained more variables and had a higher AUC value, which meant that the MJ-DRSM had a better probability of predicting dyslipidaemia accurately. The availability of the predictors is also very important when evaluating whether a model can be feasibly used to identify positive and negative outcomes \[[@CR13]\].

To the best of our knowledge, the lipid profile measurement is a standard method to identify and diagnose dyslipidaemia. In this study, we used general epidemiological survey data (gender and a family history of diabetes) with biochemical parameters (HDL-C, LDL-C, TG, and BMI) to develop the MJ-DRSM and distinguish subjects who would be patients with dyslipidaemia after 5 years. To optimize resource use, researchers usually categorize more than just high- and low-risk groups and implement graded intensities of interventions according to the degree of risk \[[@CR38]\]. Our data suggest that cut-off points for categorization of risk in the Taiwanese population may be based on the mean and standard deviation (Fig. [2](#Fig2){ref-type="fig"}). The high-risk individuals identified will benefit from receiving health education and having the opportunity to engage in healthy lifestyles at an early stage to prevent or delay the onset of dyslipidaemia.

The MJ-DRSM model can accurately calculate the individual probability of dyslipidaemia after 5 years (P1); then, the model puts forward corresponding health suggestions for the subjects and recalculates the 5-year probability after adoption of the proposal (P2). Subjects can compare P1 and P2 to see the advantages of health educational intervention when they follow the advice. Thus, we predict that this model will improve the wiliness of people to change their unhealthy lifestyles according to the health promotive education.

The MJ-DRSM model has a good predictive ability and can directly estimate the 5-year risk of new dyslipidaemia patients in physical examination populations. Additionally, the model can calculate the benefit to the individual after changing the risk factor level to facilitate health education development. Although this study creates a simple scoring tool to predict dyslipidaemia, the study limitations should be noted. First, there were differences in the sociodemographic characteristics between subjects with long-term and rare participation in physical examinations. Second, the model could only be used to predict the 5-year incidence of dyslipidaemia and could not be extrapolated directly to people beyond 35 to 74 years of age. Third, we didn't measure the plasma hs-CRP, IL-6 and TNF in this study,then we cannot analyze these indexes' effects on the development of dyslipidemia, we would take those indexes into account in further research. Despite these limitations, the results were based on a large population-based study that combined multiple risk factors, and the prediction model was reliable and effective for the screening of undiagnosed dyslipidaemia patients among the MJ Health screening population.

Conclusion {#Sec17}
==========

The predictability and reliability of our dyslipidaemia risk score model based on the Taiwan MJ Longitudinal Health Check-up Population Database were satisfactory in the testing cohort, with simple and practical predictive variables and risk degree forms. This model can help individuals assess the risk of dyslipidaemia and guide group surveillance in the community.

Additional file
===============

 {#Sec18}
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